The role of cinefluoroscopy and intravascular ultrasonography in evaluating the deployment of experimental endovascular prostheses  by White, Rodney A. et al.
ORIGINAL ARTICLES 
The role of cinefluoroscopy and intravascular 
ultrasonography in evaluating the 
deployment of experimental 
endovascular prostheses 
Rodney A. White, MD,  Christopher Verbin, MD, George Kopchok, BS, 
Marco Scoccianti, MD,  Christian de Virgilio, MD, and Carlos Donayre, MD,  
Torrance, Calif. 
Purpose: This study compares the utility of cineangiography and real-time intravascular 
ultrasonography (IVUS) in achieving successful deployment of endovascular p ostheses. 
Methods: Five types of 5 cm long, 8 mm internal diameter polyester vascular grafts were 
secured in the infrarenal aorta of mongrel dogs by 18 mm long Palmaz baUoon expandable 
vascular stents utured to each end of the prostheses. The endovascular p ostheses were 
delivered by crimping the stents at the ends of the grafts onto a 10 mm outside diameter, 
8 cm long polyethylene balloon-dilation catheter. Real-time IVUS of the procedure was 
provided by a 0.035-inch, 20 MHz imaging element passed through the guide wire lumen 
in the balloon catheter. Two prostheses of each type were implanted, with one removed 
at 30 days and the other at 60 days for analysis. 
Results: At implantation, both angiography and IVUS provided information regarding the 
choice of site for placement of the device and sizing of the aortic lumen. Real-time IVUS 
enhanced the information obtained by cineangiography b  displaying tomographic views 
of the vessel anatomy, enabling determination f cross-sectional areas, assessing full stent 
expansion, and providing information regarding surface topography along the length of 
the prostheses. Several critical observations were apparent only on IVUS, including 
incomplete initial stent expansion during two procedures evidenced by pulsation of the 
aortic wall independent of the stent and movement of unstented segments of thin-walled 
grafts. Some of these observations led to further interventions atthe time of deployment. 
At death, a comparison of cineangiography, IVUS, and ultrafast computed tomography 
outlined lumenal continuity and areas of irregularity, thrombus, or narrowing, with IVUS 
being more sensitive than cineangiography or computed tomography for determining 
most parameters. 
Conclusions: We conclude that IVUS is a promising alternative method for precise 
placement of intravascular g afts. (J Vasc SURG 1995;21:365-74.) 
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Preliminary experimental and clinical studies have 
demonstrated the feasibility of successfully placing 
intravascular prostheses in normal and diseased 
arteries including aneurysmal vessels and atheroscle- 
rotic occlusions.l8 The early successes and growing 
interest in this technology may change our approach 
to reconstructive arterial surgery by making a signif- 
icant proportion of  procedures catheter based rather 
than being performed by conventional operative 
methods. Current studies have been performed with 
available graft materials, and there is little informa- 
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Fig. 1. Suture technique for securing Palmaz stent to 
vascular prostheses. 
tion regarding factors that promote the optimal 
performance and healing for endoluminal applica- 
tions. There have also been limited evaluations of the 
best imaging methods to ensure appropriate candi- 
date selection and to guide precise deployment of 
devices. 
This study compares several polyester prostheses 
in a normal infrarenal canine intraluminal aortic 
implant model and assesses the relative utility ofcine- 
fluoroscopy, intravascular ultrasonography (IVUS), 
and computed tomography (CT) in achieving suc- 
cessful deployment and for making preliminary ob- 
servations regarding healing of prostheses. 
MATERIAL AND METHODS 
This study evaluates the relative utility of cine- 
fluoroscopy and IVUS during the deployment of 
several types of polyester endovascular p ostheses in
a normal canine aorta. Five centimeter long by 8 mm 
internal-diameter vascular grafts were secured at each 
end to 18 mm long Palmaz balloon expandable 
vascular stents (P-188, 8 to 12 mm outside diameter; 
Johnson & Johnson International Systems, Warren, 
N.J.) with 5-0 stainless-steel sutures (Davis and 
Geck, Pearl River, N.Y.). The stents (in a minimally 
expanded configuration) were secured with five 
interrupted sutures at evenly distributed points 
around the stent such that 8 mm of the stent 
overlapped the internal surface of the graft and a 10 
mm length of the stent extended beyond each end of 
the vascular prosthesis (Fig. 1). The total length of 
the stent/graft devices was 7 cm. 
Five types of polyester (E.I. Dupont de Nemours, 
Inc., Wilmington, Del.) prostheses were evaluated 
including three commercially available grafts (Woven 
Double Velour, Microvel Double Velour, and 
Weavenit) and an uncrimped prototype lmit and 
crimped prototype woven prosthesis. All prostheses 
were supplied by Meadox Medical, Inc., Oakland, 
N.J. Two prostheses of each type were implanted, 
with one removed at 30 days and the other at 60 days. 
Two additional implants, one Microvel and one pro- 
totype knit, were examined at 4= and 30 days, respec- 
tively, because of exsanguination f an animal from a 
caudal artery insertion site in the first case and to 
observe the effect of extensive motion of the prosthe- 
sis with arterial pulsations in the second instance. 
Detailed analysis of the additional grafts is not in- 
cluded in this study, except hat IVUS images from 
the second prosthesis are displayed in a subsequent 
figure to demonstrate the extremes of graft deformity 
produced by pulsatile flow in this instance. 
Before deployment, the dimensions of the infra- 
renal aorta and the distribution of branch arteries 
were evaluated by angiography and IVUS. The 
imaging catheters were introduced into the distal 
aorta through small branches of the iliofemoral 
arteries by an arteriotomy. A radiopaque ruler was 
placed beneath the animal parallel to the aorta as a 
reference site to identify pertinent structures, and 
angiograms were acquired by power injecting 20 to 
30 ml diatrizoate meglumine (Renogr~n 60; 
Squibb Diagnostics, New Brunswick, N.J.) while im- 
ages were recorded on videotape. Real-time IVUS 
images were acquired with the 0.035-inch (guide 
wire size) imaging core of 3.5F catheters (Soni- 
cath Intravascular Ultrasound Catheter, 20 mgHz; 
Meditech-Boston Scientific, Watertown, Mass.). 
The images were processed by a Sonos lntravas- 
cular Hewlett-Packard model 24=00 imaging unit 
(Hewlett-Packard Co., Andover, Mass.). With the 
IVUS images and cinefluoroscopy, the experimental 
prostheses were implanted in canine infrarenal ortas 
through a catheter-delivery system inserted through 
the caudal artery. The delivery catheters consisted 
of a stent/graft prosthesis with the stents crimped 
onto the 8F shaft of a 10 mm outside diameter, 8 cm 
long balloon, PE-MT balloon angioplasty catheter 
(Meditech-Boston Scientific, Inc.), with the vas- 
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Fig. 2. Experimental stent/graft delivery system with ultrasound imaging element (arrow) 
passed through lumen of balloon catheter. 
Fig. 3. IVUS image of canine aorta visualizing origins of renal arteries (a) and left renal vein 
(v) crossing over aorta. 
cular prosthesis elongated to its fifll 5 cm length 
(Fig. 2). 
To deploy a prosthesis, a 14F to 18F internal 
diameter hemostatic introducer sheath (Cook, Inc., 
Bloomington, Ind.) was inserted through a 1 cm 
longitudinal arteriotomy in the caudal artery distal to 
the aortic trifurcation with hemostasis maintained by 
Roummel tourniquets passed around the aorta and 
both iliac arteries. The caudal artery distal to the 
arteriotomy was ligated. The introducer was placed 
into the lumen of the caudal artery with a beveled 
dilator that enabled atraumatic passage of the sheath 
through the arteriotomy into the distal aorta. After 
introduction, the Roummel clamp on the distal aorta 
was loosened to permit passage of the introducer into 
the distal aorta, and the tourniquet was secured 
arotmd the sheath to provide hemostasis during the 
deployment. The size of the introducer sheaths varied 
from 16F to 20F with the thickness of the prosthesis 
to be deployed; thicker grafts required larger diam- 
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Fig. 4. Cineangiogram of deployment ofstent/graft device by real-time IVUS imaging during 
balloon inflation. Arrow marks ite of IVUS imaging element within proximal stent. 
eter sheaths to allow passage of the device through 
the catheter lumen. 
Real-time IVUS imaging of the procedures was 
provided by use of the 0.035-inch, 20 MHz imaging 
element from a 3.5F Sonicath intravascular ultra- 
sound catheter that was passed through the central 
lumen of the balloon catheter. The stent/graft device 
was positioned in the infrarenal aorta with the 
proximal stent placed just beneath the renal arteries 
with real-time IVUS images (Fig. 3) and cinefluo- 
roscopy. 
Before the stent/graft deployment, he IVUS 
imaging element was placed near the cephalad end 
of the proximal stent. The prosthesis was deployed 
by inflating the balloon. The deployment of the flail 
length of the stent/graft prosthesis was observed 
with cinefluoroscopy, with simultaneous IVUS im- 
aging of the proximal stent expansion (Fig. 4). After 
deployment, the position of the proximal stcnt was 
interrogated throughout its length with IVUS, and 
areas where there was separation of the stent from 
the arterial wall (indicated by independent pul- 
sation of the arterial wall with a separation from 
the stent structure) were eliminated by additional 
dilation of the balloon. After complete expansion 
of the proximal stent by IVUS evaluation, the 
entire length of the prosthesis was imaged by 
passing the IVUS element hrough the lumen 
of the balloon catheter while the balloon was still 
inflated. 
The balloon was then deflated while the prosthe- 
sis was monitored by cinefluoroscopy and IVUS. 
With balloon deflation, any residual evidence of 
separation between the proximal stent and the arterial 
wall (visible only with IVUS) was treated by 
reinflating the balloon until complete apposition was 
accomplished (Fig. 5). After deflation of the balloon, 
the entire length of the stent/graft prosthesis was 
again interrogated with IVUS to note deformities in 
the graft material. If folds in the graft material were 
identified, the balloon was reinflated in an attempt to 
remove the deformities. Dimensions of the lumen at 
the site of stent insertion and along the graft were 
recorded by IVUS. 
Final angiography and IVUS were performed at 
the completion of the procedure. The final IVUS 
evaluation was made by placing the imaging element 
just outside of the distal tip of the balloon catheter to 
eliminate any attenuation fthe ultrasound energy by 
the balloon catheter. The balloon and IVUS catheter 
were then withdrawn as one unit. The final with- 
drawal of the IVUS catheter was timed (1 cm/4 sec) 
so that three-dimensional reconstruction of the 
IVUS images could be obtained to provide a record 
of the length of the prosthesis and the adjacent vessel 
segments. 
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The balloon catheter and introducer sheath were 
then removed and the caudal arteriotomy was closed 
with a running 4-0 polypropylene suture over Teflon 
pledgets. The proximal caudal artery just beneath the 
aortic bifurcation was ligated to complete he closure. 
At the appropriate sacrifice interval, the animals 
were anesthetized and ultrafast CT imaging of the 
infrarenal abdominal aorta was obtained. Aortogra- 
phy and IVUS of the entire length of the infrarenal 
aorta were also performed. Dimensions of the aorta, 
stents, and vascular prosthesis were recorded for 
comparison to the values obtained during prior 
examinations. The animals were then sacrificed with 
an intravenous overdose of sodium pentobarbital 
(100 mg/kg) and KCI. The entire length of the infra- 
renal aorta was removed after perfusion fixation with 
10% formalin solution at 100 mm Hg pressure for 20 
minutes. After removal, the specimens were opened 
longitudinally by an incision along the anterior aspect 
of the aorta and gross photographs were obtained. 
After tissue preservation i  formaldehyde for a mini- 
mum of 48 hours, a 4 to 5 mm wide strip of the 
length of the specimen was excised and prepared for 
histologic analysis by rinsing the specimen in water 
for 6 to 8 hours, dehydrating the specimen (2 to 3 
weeks), soaking the specimen i  methyl methacrylate 
(1 to 2 weeks), curing the methyl methacrylate with 
ultraviolet light (24 hours), sectioning, and mount- 
ing on Plexiglas slides. Metal stents were sectioned as 
part of the specimen. The slides were then ground to 
the appropriate hickness with the Exakt System and 
stained with modified Macneils tetrachrome. 
All animals used in this study were cared for in a 
manner that complies with the "Principles of Labo- 
ratory Animal Care" (formulated by the National 
Society for Medical Research) and the "Guide for the 
Care and Use of Laboratory Animals" (National 
Institutes of Health publication No. 86-23, revised 
1985). 
RESULTS 
One each of the five types of experimental 
prostheses was removed approximately 30 and 60 
days after surgery. Ultrafast CT scans of the abdomen 
before removal of the prostheses enabled measure- 
ment of the dimensions of the devices by outlining 
the location of the stents, lumen of the graft, and 
aortic wall (Fig. 6). 
Ultrafast CT, aortography, and IVUS of the 
length of the prostheses demonstrated that all grafts 
were patent and highlighted areas of luminal narrow- 
ing and graft deformities. IVUS amplified the 
interpretation of CT and angiographic mages by 
Fig. 5. Further expansion of stent (B) performed after 
identification f incomplete expansion on IVUS image (A) 
evidenced by separation of stent from artery wall. Arrow, 
Stent struts; double arrow, artery wall. 
precisely detailing the contour of the prostheses and 
accumulated thrombus by displaying the topography 
of the surface and transmural elements on tomo- 
graphic cross-sectional images. The graft materials 
were identified easily by their hyperechoic property, 
whereas fibrous tissue and thrombus were also 
delineated by their characteristic ultrasonic imaging 
qualities. IVUS was more precise in outlining the 
borders of tissue lements and the graft material than 
either angiography or CT. IVUS was particularly 
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Fig. 6. CT scan of aorta at site of proximal stent fixation. Stent struts are bright images 
surrounding aortic perimeter. Contrast medium also visualized inferior vena cava to left of aorta. 
helpful in analyzing the formation of folds and 
narrowing in the lumen by comparing the IVUS 
images acquired on follow-up studies to those from 
implantation. Fig. 7 demonstrates the extremes of 
motion that were noted in a prosthesis that was 
eliminated from the study but was observed to see the 
effect of the motion on long-term healing. Although 
this specimen demonstrated an atypical example of 
the amount of motion seen in other grafts included in 
this study, it displays in still-frame images the 
dramatic changes that are seen during real-time 
imaging throughout one cardiac cycle. 
The position of the vascular stents referable to the 
renal artery orifices was found to be the same on 
follow-up angiography as at the time of implantation. 
The luminal dimensions at the site of the proximal 
and distal stents were essentially the same on IVUS 
evaluations at the follow-up intervals (9.16 _+ 0.05 
mm) as those at the time of implantation (9.2 _+ 0.05 
mm). The dimensions of the distal stents were 
9.0 _+ 0.10 mm at implantation and 8.6 ___ 0.08 mm 
at death. Comparison of the dimensions of the aorta 
at the proximal and distal stent sites obtained from 
CT and IVUS before removal of the implants 
demonstrated no significant difference in the values 
obtained by the two methods (8.96 + 0.50 mm for 
CT and 8.73 -+ 0.67 mm for IVUS). Interstent 
distances on cineangiography were estimated to be 
approximately the same at implantation and the 
follow-up intervals except in two cases in which 
apparent hickening and shortening of the aortic 
segment had occurred. Although there was no 
evidence of proximal stent migration, interstent 
distances measured from cinefluoroscopic mages at 
follow-up varied from the distance at implantation in 
two animals (approximately 5.0 mm decrease in each 
instance). 
Gross inspection of the surface of the prostheses 
after perfusion fixation demonstrated that the major- 
ity of the length of the grafts was healed by 60 days. 
Folds occurred in portions of the grafts that were seen 
to move independently of the aortic wall on the 
IVUS images or to occur in uncrimped prostheses in 
the specimens that appeared to be shortened or have 
luminal narrowing on removal. 
Luminal folds in the prostheses occurred in two 
patterns and were apparent predominantly in the 
thinner-walled materials (Fig. 8): (1) multiple lon- 
gitudinal and transverse projections into the lumen 
and (2) individual ongitudinal folds along the entire 
length of the graft. A decrease in the interstent 
distance and concomitant folding of the thinner- 
walled, noncrimped prosthesis was more apparent in 
the 60-day specimens, although there was uniform 
healing along the entire length of the graft without 
areas of thrombus formation. Crimped, thinner- 
walled prostheses did not form the transverse fold 
patterns but did have longitudinal folds along the 
length of the graft to accommodate a slightly 
narrowed lumen. 
Histologic analysis of all specimens from the 
study demonstrated some variability in healing re- 
lated to differences in the prosthetic materials, but 
there were insufficient numbers of prostheses of any 
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Fig. 7. IVUS images of extensive motion of wall of one uncrimped vascular prosthesis during 
arterial pulsation at implant. A, Maximal expansion and (B) maximal collapse of graft. C, IVUS 
image and (D), gross inspection f same segment of prosthesis at 30 days demonstrates 
narrowing of graft (triple arrows) that occurred in area of w ll motion. Single arrows, Aortic wall; 
double arrows, vascular prosthesis. All IVUS figures are of comparable magnification to permit 
comparison of luminal dimensions at time of implantation and 30-day interval. 
one type to make detailed comparisons of healing 
beyond the observations made by gross examination 
of the specimens. 
DISCUSSION 
This study makes several observations regarding 
the utility of cinefluoroscopy and IVUS during the 
deployment of intravascular prostheses in a canine 
model and regarding the outcome of procedures 
when the specimens were retrieved. 
The minor folding and thickened fibrous encap- 
sulation of the thinner-walled, noncrimped knitted 
prostheses are interesting findings that may be due to 
several factors. The prostheses were observed during 
IVUS to move away from the arterial wall with 
arterial pulsations, particularly in the middle and 
distal portions of the unsupported segment of the 
grafts. This phenomenon persisted in certain areas 
just proximal to the distal stent until the time of 
removal at 30 and 60 days. After removal and gross 
inspection of the prostheses, ome of these sites were 
noted to be areas where the prostheses were not 
firmly attached to the aortic wall. The continuous 
motion of the prosthesis probably permitted accu- 
mulation of thrombus between the graft surface and 
aortic wall either by leakage through the graft wall 
before the fabric became impervious or through 
blood flow from patent lumbar arteries. Accumulated 
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Fig. 8. A, Woven Double Velour graft at 60 days. B, Noncrimped, Weavenit graft at 60 days 
with longitudinal nd transverse folds. C, Crimped, thin-walled woven prosthesis at 60 days 
with longitudinal folds along length of prosthesis. 
thrombus is a factor that is known to stimulate a
fibrous reaction and is the likely cause of the luminal 
narrowing. The crimped grafts that conformed more 
easily to the aortic wall did not move with aortic 
pulsations and had much less fibrous encapsulation 
along the unsupported segment of the grafts. In all 
prostheses the proximal and distal segments of the 
grafts that were supported by stents had minimal 
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fibrotic reactions urrounding the anastomosis and 
were covered with thin tissue layers (Fig. 8). The firm 
approximation f the graft o the aortic wall provided 
by the stent appeared to promote this healing 
response. This observation suggests that apposition 
of the prosthesis to the adjacent vessel wall may be 
important for preserving luminal diameter and to 
expedite healing. Stent support along the length of 
the graft may be a means to accomplish this goal. 
A possible additional cause of the luminal folding 
in noncrimped prostheses in this study is that the 
entire length of the device was deployed uring the 
inflation of an 8 cm long, 10 mm inside-diameter 
PE-MT balloon. By deploying the 8 mm inside- 
diameter prostheses into the 8.5 to 10.5 mm 
diameter aortas by the single-balloon technique, the 
crimped grafts may have expanded and returned to 
their original circular configuration more easily after 
balloon deflation than did the noncrimped grafts. 
There are obviously different expansile properties 
among the grafts used and each would have re- 
sponded to expansion and collapse of the balloon 
delivery in a manner determined by the individual 
column strength, collapsibility, and amount of ex- 
pansion of the graft needed to secure the stents in the 
aortic lumen. Subsequent s udies will be required to 
investigate our speculation that crimped prostheses 
are easiest to deploy when slightly undersized intra- 
vascular grafts are placed into compliant arterial 
segments by a single-balloon deployment technique. 
This requirement might be a limitation of this type of 
delivery compared with staged proximal and distal 
stent balloon inflations or self-expanding stent deliv- 
ery mechanisms. The need for graft apposition to the 
adjacent arterial wall obviously does not apply to the 
dilated segment of an aneurysm, although expansion 
of a graft to approximate luminal thrombus within 
the aneurysm may be required. The influence of 
adjacent luminal thrombus in this situation requires 
additional investigations, and the parameters re- 
quired for this application cannot be estimated from 
the data acquired in this study. 
An important finding in this study was the role 
that IVUS demonstrated in choosing the site for graft 
deployment including determination f the luminal 
dimensions of the aorta, accurate determination f
full stent expansion, and information regarding 
surface topography and movement of the graft 
material in the aortic lumen at the time of both 
implantation and follow-up intervals. This is particu- 
larly relevant because precise measurement of&plo D 
ment parameters i  required to ensure success of 
intravascular g aft procedures. Although cinefluoros- 
copy is the gold standard for outlining the continuity 
of vascular structures and identifying the location of 
lesions, it is limited for defining the transmural 
components of lesions and providing accurate deter- 
mination of cross-sectional areas in diseased vessels. 9 
Cinefluoroscopy is also limited for measuring intralu- 
minal distances such as the exact length of prostheses 
or changes in position of devices caused by parallax 
and diversion of x-ray energy with distance from the 
energy source. Both phenomena lead to distortion of 
spatial resolution for images positioned some dis- 
tance from the center of the imaging field. We have 
found that the error in measurement of distances can 
be 1 cm or greater because of these phenomena, nd 
this prevents quantitative comparison of parameters 
on the scale attainable by IVUS or CT interrogations. 
Calibrated guide wires or other more precise meth- 
ods for calibrating distances on cineangiographic 
images may be required to address the determination 
of distance and comparison with dimensions ac- 
quired by IVUS in future investigations. 
IVUS interrogation of the aortic lumen before 
device deployment enabled accurate identification of 
the branch arteries and selection of the appropriate 
site fbr proximal stent placement. In one instance 
when the fluoroscopy system malfunctioned, the site 
for graft placement and the entire deployment ofthe 
prosthesis was performed by IVUS guidance alone 
with the precision of the procedure confirmed by 
follow-up examinations and explant of the graft. The 
use of IVUS in intravascular g aft procedures may 
also significantly reduce the time of cinefluoroscopy 
during the procedures, minimizing the exposure of 
both patients and personnel to x-radiation. 
An important role for IVUS is verification of the 
completeness of proximal stent expansion, particu- 
larly when incomplete expansion was not apparent by 
cinefluoroscopic examination. Further enlargement 
of the stent to match the aortic diameter with 
real-time IVUS prevented migration of the devices. 
Other investigators have confirmed that IVUS ex- 
amination leads to repositioning of intravascular 
stents in approximately 20% to 30% of cases when 
cinefluoroscopy suggests that the deployment is
adequate, l°'n The importance of this observation on 
the development of future deployment devices and 
the effect that IVUS will have on enhancing the 
success of procedures i  yet to be determined. 
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